INTRODUCTION
The movements of the vehicle subsystems are conditioned, primarily, by the shape and size of the roughness, as the external factor and oscillatory-inertial characteristics, torque and the speed of the vehicle, as phenomena related to the vehicle itself. Based on that, it can be concluded that thorough research and defining of characteristics of microroughness of the road on which the vehicles moves, both in terms of periodicity characteristics, and in terms of energy level, elaboration and automation of the processes for measurement of roughness and mathematical apparatus for processing of obtained results, contribute to reliability, optimality and safety of the structure of the vehicle [1] . and width of the road The figure shows that microtexture of the road changes both along length and width. In the literature, often are used terms transverse and longitudinal profile [2, 3] , which is shown in Figure 2 (a-longitudinal, btransverse).
Microprofile of the road belongs to a group of random processes [2] , so it is necessary to determine TEHNIKA -MAŠINSTVO 65 (2016) 5 the statistical parameters of the same. Microprofile of the road is identified on the basis of microroughness being measured with the use of special devices.
Figure 2 -Definition of the longitudinal (a) and transverse (b) microtexture of the road

DESCRIPTION OF DEVICES FOR REGISTRATION OF MICROPROFILES OF THE ROAD
There is a great number of devices and procedures for measurement of the parameters of the microprofile of the road [4, 5] . According to the rule, the longitudinal profile is registered, and transverse is identified according to the assembly of parallel longitudinal profiles.
Devices for registration of microprofiles of the road can be classified into two categories [5] :  no oscillatory properties, and  with oscillatory properties ( inertial).
In device with no oscillatory properties, the measurement of microroughness amplitudes is performed in regard to adopted reference line. Problem of registration of roughness of longer wavelengths is solved by application of beam or laser.
Automation of the processes for registration of roughness and utilization of special devices multiple accelerates the mentioned process. The use of wheels on special devices has enabled the continuous recording of amplitudes of microroughness of the road.
One of the first devices realized is in the shape of articulated vehicle [5] where the changes of characteristic angles between certain subsystems are registered (Figure 3) .
At articulated device, in the case of smaller wavelengths, the number of wheels above and under the intermediate level will be equal, so the suitable connection can provide for initial point in the center of the upper frame of the device remains at approximately the same constant height. The disadvantage is that device provides good registration of wavelengths that are shorter than length of the given frame. Having this in mind, it is obvious that this concept of devices can not be emphasized as representative in the view of wider application.
Figure 3 -Schematic layout of articulated device
Device for registration of acceleration of microroughness of the road is consisted of metal frame connected to traction vehicle on one end, and another one to the wheel. Better fitting of the wheel to the road surface is achieved by a spring connecting frame and traction vehicle. In the centre of the wheel is the acceleration pickup. In order to ensure verticality, the acceleration pickup is placed on a special, gyroscopic stabilized platform. The speed of wheel center movement on the road is determined by measuring the number of revolutions of the wheel. Since the measurement results depend on the radius of the wheel, the disadvantage of the device is reflected in the fact that the measurement results are influenced by flexibility and diameter of the wheel [6] .
Device developed in General Motors
One of the most modern procedures for registration of microroughness of the road is developed by General Motors, Figure 4 [7] [8] [9] . The procedure simultaneously uses non-contact displacement pickup (laser, ultrasonic, radar) to register the movement from the certain point on the vehicle to the ground (usually on the roll axis), as well as the acceleration pickup for simultaneously registration of the acceleration of the same point on the vehicle. At the same time, the speed of the vehicle is also registered. Amplitudes of microroughness are calculated on the basis of two measured quantities (acceleration and movement), with the application of computers. This procedure has its advantages and disadvantages. The advantages of the procedure are: high speed of measurement, reproducibility of the result, the partial elimination of the influence of oscillatory parameters of the vehicle; the disadvantages are reflected in the presence of the measurement errors due to the change of spatial position of the vehicles during their movement, as well as the change of the position of roll axis with the change of the load of measuring vehicle [8, 9] .
Figure 4 -The scheme of the device from General
Motors Collection and data processing for the purpose of calculation of real amplitudes of microroughness of the road must be conducted during the measurement ("on line"), while all other statistic calculation can be conducted later in the laboratory (in both cases the computer is used).
Transport and Road Research Laboratory in England has developed a completely different concept of profilometer that comprises instruments for measurement of acceleration [10] . Their laser profilometer is consisted of rigid beam along which the laser road sensors are placed, so during the measurement the continuous profile was developed. Monitoring the distance from the vehicle body to the road surface requires one sensor for each wheeltrack of the vehicle and one or two additional sensors for the depth of the microtexture. These sensors are mounted on the vehicle, as shown on Figure 5 . It is preferred to conduct measurements of the roughness on the left and right side of the wheeltrack as well as in the centre of the traffic lane [11] . 
Sensor measured microtexture depth
Current laser microtexture measurement devices work by measuring the distance between the sensor and the road surface. As the sensor moves along the road, changes in the distance between the sensors and the road are recorded at short intervals (it is typically 1mm) [12] . In this way a detailed microtexture profile of the road surface is determined, but this data require further processing. Data processing usually involves the following steps:  the data are collected on the shorter sections of the road (100 mm-300mm) where the measurement of the microtexture was conducted;  the data are filtered in order to avoid the unwanted effects on the content of the signal as is the change of the speed of the vehicle, change of the height between the sensors and the road surface due to vehicle oscillation, etc.  the filtered data are further processed in order to obtain the result that characterizes the height of microtexture within the each observed section;  the results for each observed section are aggregated for longer sections of the road (usually 10 m) [12] . Microtexture depth measurements made by laser systems are known as Sensor Measured Microtexture Depth (SMTD). These measurements are conducted on the left and right wheeltrack as well as in the centre of the traffic lane. SMDT values are calculated according to following expression [8] :
 n number of measurements in a 300 mm length and is always forced to be add  y laser height measurement ( mm),  x normal distance between the measurements ( mm).
In order to obtain SMTD values the measurements are conducted on the determined road sections in short measurement intervals (300 mm  15 mm). In addition, the obtained results are aggregated on the longer lengths in order to obtain the final road profile ( Figure  6 ).
Figure 6 -Illustration of scanning laser and fixed laser
measurement lines In addition, current laser systems include the measurement of the mean profile depth (MPD), which is widely used in Europe [13] . The main difference between these two methods is the way the microtexture depth is evaluated: SMTD measure presents the mean
square value of microtexture both beyond and under the average level, while MPD measures the height of the highest point beyond the average level. The relation between these measures depends on the type of the surface and shape of road microtexture, as presented on Figure 7 , which compares two different shapes of surfaces with the same SMTD values.
Figure 7 -Comparison of SMTD and MPD values for
surfaces with different shapes For the first surface MPD value is higher than SMTD value, while for the second surface MPD value is lower than SMTD value.
Current laser systems
Current laser systems are designed to collect video and laser measured data relating to the microtexture, profile and road geometry, and are used as reference devices for accreditation of the vehicles for the examination of road network. The description of such vehicle with all additional equipment is shown on Figure  8 [14] [15] [16] .
Figure 8 -Vehicle for examination of road network
As a concrete example we present HARRIS 2 laser system (The Highways Agency Road Research Information System) developed in Great Britain, as well as the results of the measurements obtained with this system [16] . HARRIS 1 laser system has two lasers for measurement of microtexture on the left, right and central part of the traffic lane, which operate at 64 kHz and collect information on road surface in the intervals of 1 mm. Results obtained in such way are further processed in order to obtain sensor measured microtexture depth (SMDT) and mean profile depth (MPD). The profile beam where the lasers are mounted is used for obtaining of final shape of road surface including the measurement of microtexture depth of the road. It is consisted of 25 lasers located in a way to measure the full width of the traffic lane [16] .
CONCLUSION
During the movement, the vehicle and the vehicle users are influenced by the dynamic forces originating from the large number of dynamic simulators affecting the vehicle. The years of experience show that the mentioned dynamic excitations, that cause the spatial vibrations of the vehicles, deteriorate the properties of the vehicles and lead to the fatigue of the users and the vehicle structure, therefore the certain measures must be taken in order to reduce their influence. Dominant external influences on the vehicle behaviors, that is, dominant oscillatory excitations during the movement of the vehicle are: road parameters, wheel nonuniformity, oscillatory excitations of the drive unit, dynamic excitations from vehicle transmission and aerodynamic excitations. All oscillatory excitations that influences the movement of the vehicle are interconnected, that is, conjugated and interact to each other. Increase or decrease of the intensity of one excitation directly or indirectly affects the intensity and character of other excitations such forming the dynamic system inside the system of driver-vehicle-environment. From the engineering point of view, it is very important to measure the contribution of each oscillatory excitation as well as the mathematical interpretation of their excitation effect and interaction with the motor vehicle.
In order to protect the vehicle and the users from the negative effects produced by mentioned dynamic forces and their reduction to acceptable boundaries, it is necessary to pay a special attention to fundamental systems that protect vehicle from dynamic forces and reduce them to acceptable boundaries (systems for supporting and guiding the wheels, pneumatics, seats, systems for elastic support of the cabin, system for elastic support of the driving group, etc.).
Motor vehicle as a dynamic system is closely related to the road, that is, to its macro and microprofile. accidental processes and depends both on the road type and on transverse and longitudinal microprofile. Therefore, a numerous methods for registration of macro and microprofile of the road have been developed ( mainly based on GPS-Global Positioning System) from which the data necessary for the estimation of the quality of the roads can be obtained.
